This paper aims to put forward a reaction function concerning the behaviour of the Bank of the Central African States (BEAC) turned toward the future then increasing the exchange rate to ensure the internal and external balance in the countries of this monetary zone. Based on the CFA currency and US dollar equivalence, it comes out that there is a strong non linearity between the interest rate and the exchange rate gap. The optimal gap level of the exchange rate in long term (short term) beneath which the monetary authorities should try to reduce the nominal interest rate is 277 F CFA (260 F CFA) and beyond which they will increase to maintain internal and external balance of the economy of the countries in this zone. So, the exchange rate should be taken as a target whose drift should govern the adjustment of the monetary policy instruments notably the interest rate.
Introduction
Since the 1980s, in most countries, price stability has emerged as a central objective of central banks. The economic stability has been added as a secondary objective to this main objective. Further to the central bankers' consensus in the late 1990s on New Keynesian monetary policy, the Taylor rule [1] , elaborated in the context of the US economy with a flexible 1 exchange rate regime to meet these two objectives which seems to be spreading in almost all central banks. In other words, the Taylor rule [1] has become the rule of thumb for describing the behavior of central banks in monetary policy, while some of them belong to 1 The exchange rate flexibility is one of the preconditions for the adoption of inflation targeting according to Masson (1997) .
countries in which the fixed exchange rate regime is in effect. According to the Taylor rule [1] , the short-term interest rate must increase when the effective inflation is higher than the central bank's inflation target or when the actual GDP (Gross Domestic Product) is higher than its long-term trend. Conversely, the short-term interest rate should fall when actual inflation is below the central bank's inflation target or when the effective GDP is below potential GDP. The Taylor interest rate calculated in this way is compared with the interest rate observed in the short term to evaluate the adequacy of monetary policy to the fundamental economic data. To this end, an increase in Taylor's interest rate leads the authorities to intervene in the money market by raising their main rate of intervention in the short term.
Taylor's rule leads to a countercyclical monetary policy. As a matter of fact, monetary policy is optimal if it minimizes the inflation gap and the output gap. In addition to ensuring optimal responses to the various economic disruptions, the Taylor rule avoids problems of temporal incoherence and inflationary biases. Moreover, since the LM curve no longer plays a role in economic policy analysis, the Taylor rule is an outcome of the endogenous monetary supply whose economic policy analyzes are focused on the PM curve, i.e., the curve of monetary policy, and hence on the IS-PM model.
Despite the quasi-generalization of the Taylor rule, in the flexible exchange rate regime, it has limits, among which we can mention: the method of constructing unobservable 2 variables; the target inflation rate is considered a constant 3 ; The absence of smoothing of interest rate 4 fluctuations to reduce the volatility of production, inflation and the equilibrium interest rate [2] . On the basis of these criticisms, the Taylor rule [1] has gradually been revisited.
Firstly, the literature has evolved to the benefit of the "backward looking" rules, that is, the rules whose interest rate reacts to the past variations of the explanatory variables [2] [3] [4] [5] .
Secondly, as a result of criticism of past-oriented rules 5 , recent research predicts 2 Potential output and inflation are the unobservable variables. Concerning the output, it is the method of evaluation that can stand as the limit. 3 Taylor considers the target inflation rate as a constant whereas it is more efficient when it varies due to time. 4 This is about the sudden and instantaneous reaction of the interest rate. Indeed, the determination of the interest rate must depend on its values in the past periods. For each period, the interest rate adjusts to the weighted average of the expected interest rate and the realized interest rate during the previous period. 5 One of the most important criticisms is that of Lucas. It is based on the fact that economic agents do not modify their behavior in accordance with previous policies. As such, he suggests giving up the idea that economists or policy makers rely on past policies and statistics to predict the future behavior of agents. In other words, Lucas suggests that we must rely on expectations to fix the current policy and not to cover past statistics. It is a matter of leaving adaptive expectations to the benefit of rational expectations. In addition to the criticism of Lucas, the economy only reacts to variations of everything or inflation by following the backward-looking version rules. In the case of other types of shock, the central bank following such a rule cannot achieve its objective of price stabilization. This creates distortions in policy-making and negatively affects the credibility and transparency of monetary policy. Finally, a central bank that adopts such a rule can achieve short-term objectives and not long-term objectives.
to give up such rules and suggests rules directed towards the future "Forward-looking", that is, rules wherein explanatory variables are based on predictions [6] - [15] . Thirdly, in the international context of the 2000s, characterized by the financial and economic crisis, the "integrated approach", i.e. the integrated policy mix, advocates integration of a financial variable into the Taylor rule such as credit [16] , money supply [17] or indicators of financial imperfections [18] . However, such a rule seems to be in contradiction with the principle of Tinbergen [19] 6 that there must be at least as many instruments as there are objectives to be attained. Then, taking into account the above changes, the literature suggests the introduction of the exchange rate in the initial Taylor rule [20] . Indeed, formalized on the basis of the economic situation of the United States, Taylor's rule [1] describes the monetary policy of an economy with a flexible exchange rate. In such a context, the central bank has the possibility to focus exclusively on internal variables, since exchange rate variations theoretically guarantee external equilibrium. Under these conditions, the introduction of the exchange rate into the Taylor rule to ensure external equilibrium is a duplication.
Finally, under a fixed exchange rate regime, the monetary authorities, in addition to the internal variables, must also preserve the parity of the currency at a more or less fixed level. Under these conditions, the level of the nominal exchange rate becomes an objective in itself, sometimes a priority over any other consideration. Indeed, failure to take the exchange rate into account can lead to exchange rate volatility [21] , which affects inflation through the price of imported goods. However, by simultaneously targeting inflation and exchange using the same instrument, which is the interest rate, a central bank may be faced with a conflict of objectives within the meaning of Tinbergen [19] . Indeed, the high volatility of the exchange rate can have consequences on inflation, which undermines the credibility of the central bank.
In 's pegging to the euro, with a fixed uncertain parity of 1€ = 656 FCFA, the BEAC now aims at two objectives: Price stability through an inflation target of 3%; The stability of the exchange rate due to the fixed exchange rate regime with the euro. This stability is supposed to promote trade in goods, services and capital with the euro area countries and to stabilize the exchange value of certain variables denominated in foreign currencies (debt External, raw materials) that have a significant impact on the economy. 6 The interest rate alone cannot achieve three objectives: monetary stability, macro-economic stability and financial stability. 7 Franc of the financial community in Africa. The European bank aims for 2% rate of inflation of whereas the BEAC targets 3%. 10 The rates applied by the BEAC are much higher than those charged by the ECB. In the case of CEMAC countries, KAMGNA et al. [28] estimated a BEAC response function based on a Taylor rule of the "Forward looking" type, which takes into account the smoothing of the interest rate, the growth of the money supply and the interest rate differentials between the BEAC and France. The results obtained by the authors are relatively in accordance with the theoretical description.
Definitely, the studies carried out on the BCEAO and the BEAC did not take into account the overall macroeconomic balance which presupposes that internal and external equilibrium are simultaneously assured. Accordingly, it looks pertinent to estimate within the framework of the BEAC a reaction function that takes into account both internal equilibrium and external equilibrium. In other words, the aim of this research is to estimate for the BEAC zone a Taylor 
Definition and Estimation of a Reaction Function for the BEAC
The first step is to present the model of the BEAC response function that supports the analysis before indicating its specification for estimation purposes.
Presentation of the Model
In the light of the criticism of Taylor's original rule, several authors have made changes to it, calculating the reference variables differently, or adding other variables such as the exchange rate and the money supply. These variables are specific to the environment in which each Central Bank operates. Thus, in order to take into account the specificities of the economies of the countries of the BEAC zone, it is necessary to make additional modifications to the original Taylor rule.
The aim is to integrate additional arguments as explanatory variables, which may have an impact on the decision-making of the monetary authorities when setting policy rates. In this respect, the formulation of the BEAC response function is based on the work of Sachs [6] , Orphanides [29] , Kozicki [9] and Clarida, Gali and Gerther [11] Rule", by increasing the initial Taylor rule of the gap between the nominal exchange rate and the real equilibrium exchange rate.
In Taylor's initial rule, the interest rate depends on the output gap and the inflation gap observed in the same year. However, the central bank at the time of its decision, does not have these values in progress. At the most, it has delayed preliminary estimates of these aggregates largely subject to corrections [14] . 
where x µ denotes a parameter measuring the credibility of the target. It is between 0 and 1.
The Specification of the Model
Equation (1) combined with Equation (2) and for n = 1, gives the specification of the "augmented" Taylor reaction function as follows: 
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The neutral rate is defined as the interest rate consistent with balanced long-term growth. At equilibrium stage, the interest rate is equal to the growth rate of the economy. The calculations of q * are attached in Appendix.
In the light of the aforementioned ideas, our estimation model looks like the following: 
Model Estimation and Interpretation of Results
The model presented by Equation (4) is estimated before the principal results are interpreted.
Estimation of the Model
Let us first justify the choice of the different variables of the model before its estimation.
Choice of Variables
This is mainly the choice of interest rate measure, inflation rate, output gap and exchange rate differential. For this purpose, we use data from the BEAC database and the World Bank indicators CD-ROM, 2015. These data are in annual frequency and cover the period from 1980 to 2015.
As regards the interest rate, the rate used is the refinancing rate of the BEAC in annual variation. Low interest rates imply an accommodative monetary policy, while high interest rates indicate a restrictive monetary policy. In the case of weak currencies, high interest rates generally consist of offsetting the risk of future depreciation according to the unhedged exchange rate parity. Since the reaction function is described in terms of a partial adjustment of the interest rate, the interest rate adjusts each period to the weighted average of the interest rate desired and the interest rate realized in the previous period. For the inflation rate, this is the year growth rate of the Consumer Price Index (CPI). The inflation targeted by the BEAC is 3%.
Next, the output gap measure, the expected effective rate y t+1 represents the expected growth rate calculated from a real GDP volume index provided by the BEAC statistics. Potential GDP data were constructed after application of the HODRICK-PRESCOTT filter.
Finally, with respect to the difference between the nominal exchange rate and the equilibrium real exchange rate, the cross-exchange rate between the FCFA and the US Dollar was used to obtain the nominal exchange rate 13 . The real equilibrium exchange rate was then calculated.
The Estimated Model
The methodologies generally proposed are those of the generalized moments (GMM) or cointegration of Johansen [30] . The method of generalized moments makes it possible, among other things, to control the potential endogeneity of all the explanatory variables. As for the cointegration approach of Johansen, it allows to estimate a robust relation in the presence of non-stationary variables or, in the case of the stationarity of the variables, it can be used if the variables do not have the same order of integration. This latter approach has been favored, in particular because it provides better results. The first step is to evaluate the stationarity of the variables ( Table 1) .
The results of the unit root tests show that the nominal interest rate and the exchange rate differential are integrated in order of 1, while the neutral interest rate, the inflation gap and the production gap are integrated in order 0. All the variables of this equation are thus stationary. Then, the Johansen cointegration test is used insofar as the variables do not have the same order of integration even if they are stationary ( Table 2, Table 3 ).
The likelihood ratio test indicates three cointegration equations.
The maximum eigenvalue statistic test indicates three cointegration relationships. The results are given in Tables 4-6 . Table 5 shows that the cointegration rank is 4. The variables considered are therefore cointegrated.
After the cointegration tests, the estimation of the two-step error correction model can be undertaken.
Step 1: Estimation by the OLS method of the long-term model is done first. It was through the exchange rate between the euro and the US dollar that we calculated the exchange rate between the FCFA and the US dollar. This implies indirect flexibility between the FCFA and the US dollar. Since the US dollar is the reference currency for international trade, and since the BEAC countries trade with the countries of the European Union and those of the rest of the world, attention should be paid to parity Crossed with the dollar through the euro. Moreover, the economies of the CEMAC countries depend on the prices of natural resources which are highly volatile and moreover denominated in US dollars. Finally the BCE and FED aim to the same rate of inflation that is 2%. This gives the result in Table 6 and Table 7 .
The correlation coefficient is acceptable and indicates that the selected va- Source: Author's estimation.
Step 2: Estimation by the OLS of the relationship of the dynamic model: The recall force, reflecting the speed of the nominal interest rate adjustment following a shock, is negative and significantly different from zero. It is estimated to be −1.17 and indicates an important error correction mechanism which shows that the imbalances between the variables compensate directly so that the series have a very similar rapid evolution. More specifically, it is possible to adjust more than 100% (117%) of the imbalance between the desired level and the actual level of the nominal interest rate. Thus, a shock observed during one year is entirely reabsorbed after 0.855 years, i.e. 10 months 8 days (10 months 7 days 19 hours and 8 minutes).
In the short term, as well as in the long term, targeting both inflation and exchange creates a conflict of objectives 14 , because the BEAC zone is small, the 14 The sign of the output gap being contrary to that of the inflation gap and the exchange gap makes it possible to assess the conflict of objective. external anchoring is close to the stability objective since imported products represent a very important part of the price index. Under these conditions, there is equivalence between inflation targeting and exchange rate targeting. The significance of the exchange rate gap being higher in the long term, the exchange rate can be targeted in the countries of the BEAC zone because the growth of the countries of this zone is based on exports. As a result, the analysis of the relationship between the nominal interest rate and the exchange rate spread is important.
The validity tests of the model refer to the ARCH, Breush-Godfrey tests and the stability test (Table 8 , Table 9 ).
The probability values are greater than 5%, so the model is homoscedastic. (The deviations are homoscaedastic) .
The probability values are greater than 5%, so the errors of the error correction model are uncorrelated. Thus, the estimates obtained seem to be optimal.
Tests of stability: Cusum and square cusum tests Source: Author's estimation.
Because none of the curves intersects the corridor, the model then appears structurally and punctually stable.
Analysis of the Relationship between the Nominal Interest Rate and the Exchange Rate Differential
The results show a negative and significant relationship of 90% in the long term and 80% in the short term. The coefficients estimated at −0.0017 and −0.0026 respectively in the long term and in the short term seem to indicate a decrease in the nominal interest rate of 0.17% and 0.26% when the nominal exchange rate increases by 100 points in relation to the real exchange rate. This non-theoretical behavior could be due to a non-linear change in the interest rate and the exchange rate gap 15 . This suggests that there is an optimal level of exchange rate differential below which the BEAC authorities would reduce the interest rate and beyond which the authorities would increase the nominal interest rate. For this purpose, we draw the evolution curves of the three main variables of our model. Figures 1-3 could suggest a non-linearity between the nominal interest rate and the exchange rate differential. Let us therefore test the stationarity of the square of the exchange rate deviation. Table 10 shows that the square of the exchange rate spread is integrated by order 1, hence stationary. The cointegration test yields the following results: Table 11 shows that the cointegration rank is 4. The variables considered are cointegrated. The estimation of the long-term equation gives the results in Table   12 .
These results clearly show the possibility of a non-linearity between the nominal interest rate and the exchange rate gap. We should take e as the exchange in the BEAC zone would reduce the nominal interest rate when the exchange rate differential is less than 277. Given that the real equilibrium exchange rate is estimated at q * = 300, the BEAC would increase the interest rate based on the nominal uncertain exchange rate when the value of the dollar reaches or exceeds the level of 577 CFA francs. Two orientations emerge for this purpose. First, if the nominal exchange rate is less than 577 CFA francs then the foreign exchange differential is less than 277 CFA, the BEAC will therefore have to reduce its key interest rate in order to reduce the inflation and non-increase the actual production so that it tends towards the level of potential production. Secondly, if the nominal exchange rate exceeds 577 CFA francs then the exchange rate gap is greater than 277 CFA, the BEAC will have to raise its key interest rate to its equilibrium level, Inflation and output. As for the short-term equation, it is specified as follows: (Table 13 ).
The restoring force is identical to that of −1.17 found previously. As with the long-run, the non-linear nature of the relationship between the nominal interest rate and the exchange rate gap seems to be confirmed by the short-run equation. -if the nominal exchange rate is less than 560 CFA then the exchange difference is less than 260 CFA, the BEAC will have to reduce its key interest rate in order to reduce the inflation gap and to increase Actual production so that it tends towards the level of potential output;
-if the nominal exchange rate exceeds 560 CFA then the exchange rate difference is greater than 260 CFA, the BEAC will have to increase its key interest rate to bring it back to its equilibrium level in order to reduce the gap Inflation and production.
Conclusions
In order to ensure internal balance and external equilibrium in the BEAC countries, a Taylor rule based on the future, plus the exchange rate, has been designed and estimated. Due to the particularity of the Bank of Central African States (BEAC) monetary zone, the use of cross-parity between the FCFA and the US dollar enabled the real equilibrium exchange rate to the uncertainty of 300 FCFA. Since the BEAC is small and very open, there is an equivalence between inflation targeting and exchange rate targeting. The significance of the exchange difference is higher than that of inflation, so the exchange rate gap is chosen as a target in the countries of the BEAC zone.
Due to the non-linearity between the nominal interest rate and the exchange rate differential, the square of the exchange rate differential was introduced as an explanatory variable of the BEAC monetary policy instrument. Thus, with a real equilibrium exchange rate at uncertainty estimated at 300 CFA, in the long term when the exchange rate differential is less than 277 CFA, the monetary authorities of the BEAC are supposed to reduce the exchange rate, Nominal interest. On the other hand, they would increase it when the exchange rate differential is greater than 277 CFA, i.e. when the uncertain exchange rate between the CFA franc and the US dollar reaches or exceeds the level of 577 CFA. In the short term, the BEAC authorities must reduce the nominal interest rate when the exchange rate differential is less than 260 CFA. However, when the difference is greater than 260 CFA, i.e. when the uncertain nominal exchange rate between the CFA franc and the dollar reaches or exceeds the level of 560 CFA, the BEAC authorities must increase the nominal interest rate. Finally, taking into account, on the one hand, the cross-parity between the FCFA and the US dollar, and on the other hand, the real equilibrium exchange rate between the FCFA and the US dollar, the interest rate Nominal is a good instrument for achieving both internal balance and external equilibrium in the countries of the BEAC zone. BEAC authorities should therefore conduct their monetary policy based on the exchange rate between the FCFA and the US dollar. The exchange rate should thus be considered as a priority objective of monetary policy in the BEAC zone. To this end, the exchange rate should be targeted, the fluctuations of which should command the adjustment of monetary policy instruments.
